Fructo-oligosaccharides (FOS) may have potential benefits, since they exhibit many soluble dietary fibre-like properties. Foods currently available for weaning infants are generally low in fibre content and lack these potential benefits. Data documenting tolerance of FOS in weaning foods are greatly lacking. Our present objective was to evaluate the tolerance and gastrointestinal effects of FOS-supplemented infant cereal used as a daily addition to the diet of healthy infants. Healthy infants were randomly assigned to receive either 0·75 g FOS per serving of cereal or placebo for 28 d. The primary outcome of interest was gastrointestinal tolerance, which was assessed by daily parental reporting of functional variables for 28 d, including stool patterns and signs and symptoms of gastrointestinal tolerance. Secondary outcomes were also measured including: cereal intake (g cereal and g FOS/d), stool pH, changes in anthropometric measurements and adverse events. The study population included a total of fifty-six infants, age range 16·2-46·2 weeks with a mean age of 32·5 (SD 8·9) weeks; twenty-nine infants were randomized to the control group (age 31·8 (SD 9·0) weeks) and twenty-seven to the FOS-supplemented group (34·7 (SD 8·9) weeks). Average daily total intake per infant and average intake per serving were similar in both groups. Average FOS consumption was 0·74 (SD 0·39) g/d and as high as 3·00 g/d. Stool consistency was less likely to be described as 'hard', and more likely to be described as 'soft' or 'loose', in the FOS v. control group. The mean number of stools per infant was 1·99 (SD 0·62) per d in the FOS-supplemented group compared with 1·58 (SD 0·66) in the control group (P¼0·02). There were no differences between the groups in reporting for crying, spitting-up or colic. No differences were found for stool pH. FOS-supplements added to cereal were well tolerated in doses of up to 3·00 g/d. FOS consumption led to more regular and softer stools, without diarrhoea, as well as less-reported frequency of symptoms associated with constipation such as hard stools or skipped days without stool. The present study is one of few studies documenting tolerance to increased fibre intake in the form of FOS as part of a weaning food.
Fructo-oligosaccharides (FOS) are a mixture of oligosaccharides, consisting of glucose linked to fructose units by b1,2 glycosidic linkages; they are indigestible and highly fermentable (Roberfroid & Delzenne, 1998) . They are naturally present in varying concentrations in many foods such as wheat, banana, asparagus and garlic, and can also be produced enzymatically (Spiegel et al. 1994; Van Loo et al. 1995) .
Consumption of FOS has potential benefits, since FOS is a soluble dietary fibre and is resistant to digestion by endogenous enzymes, reduces faecal pH, increases the water-holding capacity of stool and faecal weight and decreases gastrointestinal transit time (Hidaka et al. 1986 ). Like other soluble fibres, FOS has been shown to improve moderate constipation, reduce plasma cholesterol and triacylglycerol and to moderate glucose absorption in adults (Hidaka et al. 1986; Rumessen et al. 1990 ). In addition, colonic fermentation of FOS in infants can have prebiotic effects by selectively stimulating the growth of probiotic bacteria, such as Bifidobacterium, the predominant flora of breast-fed infants (Boehm et al. 2002; Moro et al. 2002) . Bifidobacterium has been shown to be associated with gastrointestinal and systemic health benefits (Modler et al. 1990; Gibson et al. 1994; Garleb et al. 1996) .
There are few studies documenting paediatric tolerance of FOS-supplemented foods. Cadranel & Coussement (1995) reported a preliminary study of children, 10-13 years of age, who received daily supplementation of FOS, and documented no abnormal stools, diarrhoea or gastrointestinal side effects. The authors concluded that # 9 g FOS/d are well tolerated by children in this age group. In a double-blind crossover trial of FOS, Van den Heuvel et al. (1999) also reported no difference in gastrointestinal symptoms in adolescents consuming 15 g FOS/d.
Overall, there are limited results on infant intake and tolerance of FOS when derived from supplemental sources. Specifically, no published results are available on intake or tolerance of FOS in infants consuming weaning foods, such as a complete baby cereal (a rice cereal with ingredients of formula) containing FOS. The purpose of the present controlled trial was to evaluate the tolerance, intake and changes in stool characteristics in infants given FOS-supplemented cereal as an addition to a regular weaning diet.
Methods

Subjects and study design
A sample of healthy term infants aged 4 -12 months was recruited from the Baltimore (MD, USA) metropolitan area. Participating families received a gift certificate, equivalent to a 1-month supply of nappies at a children's retail store, in exchange for participation. The institutional review board of the Johns Hopkins Medical Center (Baltimore, MD, USA) approved the study protocol.
All infants were former term newborns ($ 37 weeks gestation and # 42 weeks gestation) with birth weights $ 2500 and # 4200 g. Infants were aged 4-11 months at enrolment and had demonstrated tolerance of rice cereal and standard milk-based, lactose-containing infant formula for a minimum of 1 week based on the recall of the parent or caregiver. Infants from multiple gestations were eligible; however, siblings could not be enrolled in the trial at the same time.
The following groups of infants were excluded from the study population: infants with major congenital birth deformities, acute illness at enrolment, chronic conditions affecting food intake or metabolism, infants readmitted to a hospital after birth for more than 2 d, infants receiving more than one feeding of breast milk per d and infants participating in another clinical study.
Subjects were randomly assigned by block allocation to receipt of either the FOS-supplemented or control cereal. Cereal was prepared by the parent or caregiver using printed label instructions. Addition of other foods to the cereal was permitted as long as steps were taken to document and measure the actual cereal intake. Infants were offered a minimum of one serving of the assigned cereal per d for 28 d.
Trial diets
The cereals, supplied by Nestlé USA (Glendale, CA, USA), are intended for feeding infants aged 4 -12 months. One serving size (25 g cereal) is approximately one-third of a cup (US measure). Each serving provides 460 kJ (110 kcal) with 3 g protein and 2·5 g fat. Protein sources are from milk and rice, and fat sources are provided by palm olein, soyabean oil, coconut oil and milk fat. The total carbohydrate content was 16 g per serving, comprising hydrolysed rice, rice flour, lactose and either soluble fibre as FOS or the equivalent amount of maltodextrin. The intervention group received infant cereal (Nestlé Carnation Premium Baby Cereal w ; Nestlé USA) containing 0·03 g FOS/g cereal (0·75 g FOS/25 g serving of cereal). The control group received the same cereal but with 0·03 g maltodextrin in place of FOS/g. Both cereals were in powder form and packaged identically except for differences in canister label colour and product code number.
Data collection
The primary outcome of interest was cereal tolerance, which was assessed daily by parent or caregiver evaluation and reporting of gastrointestinal symptoms for a total 28 d of participation. The following measures were used to assess tolerance: stool frequency, stool colour and consistency, infant flatus, occurrence of vomiting, spitting-up, crying and colic and/or abdominal cramps. The following secondary outcomes were also included: cereal intake (g cereal/d and g FOS/d), stool fermentation based on stool pH, changes in anthropometric measurements and adverse events.
Tolerance measures
A standardized daily record log was supplied to each parent or caregiver and reviewed by the study coordinator during phone interviews each week. For each stooling event, the parent or caregiver characterized the predominant stool colour as 'brown', 'green', 'yellow' or 'black' and stool consistency as either 'hard (like clay or harder)', 'firm (formed like Play Doh w )', 'soft (like pudding)', 'loose (like applesauce)' or 'watery (like urine)'. The stool consistency descriptions provided to parents were utilized in previous trials by the authors and appeared to be both understandable by the parent or caregiver and internally consistent (Abi-Hanna et al. 1998) although no formal validity tests were utilized.
For assessment of infant flatus, vomiting, spitting-up, crying and colic and/or abdominal cramps, for each day the parent or caregiver recorded if the events occurred 'less than usual', 'about usual' or 'more than usual'. Spitting-up was defined as: 'the effortless return of small amount of swallowed food, usually a mouthful'. Vomiting was defined as 'the forceful return of larger amounts of food with more complete emptying of the stomach'.
Secondary outcomes
For each offering of cereal, the parent or caregiver used a standardized procedure to record the number of scoops of dry cereal, the initial and final volume and what was mixed with the cereal. Based on the cereal intake reported, the amount of FOS consumed at each feeding was calculated.
Following standardized instructions, the parent or caregiver was trained to perform stool pH tests in the home at weekly intervals up to four times during the study period (days 7, 14, 21 and 28). Parents assessed stool pH by dipping a portion of nitrazine pH paper into a fresh stool sample within 30 min of defecation.
Growth data
Anthropometric measurements were taken by a research associate, using a standardized procedure at baseline (between day 2 3 and day 0) and at study completion (day 28). Weights were obtained while the infant was naked, at least 2 h after feeding or immediately before feeding. The same electronic scale was used at the same time in relation to feeding for enrolment and completion weights. Infant weight was measured twice and the average of the two weights (^0·01 kg) was documented. Length was measured on a standardized length-board placed on a hard surface. The infants were placed supine in full body extension with feet flexed without shoes. Height was also documented (^0·001 m). Head circumference was measured approximately 25 mm above the child's eyebrow, directly over the largest cross-sectional area of the skull. Head circumference was documented to the nearest 1 mm.
Demographic data and clinical course
Demographic data on maternal age, infant gender, date of birth and anthropometric measures at birth were based on the parent or caregiver's recall. Information on the clinical events during the course of the study, including outpatient or in-patient health care visits and adverse events, was also collected. An adverse event was defined as any untoward occurrence in the infant such as illnesses or unusual signs or symptoms perceived or reported by the parent or caregiver during the course of the study.
Analysis
Sample size (n 25 per group) was calculated on the basis of our own preliminary data to detect a 25 % difference between the study groups in the alternative hypothesis for any of the primary outcomes on tolerance (i.e. stool frequency, colour and consistency) at 5 % significance level and 80 % power.
Data were analysed based on the intention-to-treat principle and measured tolerance and intake if: (1) baseline and at least 3 d of intake measurements were available; (2) the data supplied by the parent were internally consistent and plausible. Infants in the population to have efficacy evaluated were included if they met all inclusion criteria, received the study diet for more than 3 d and had stool measurements taken.
Summary statistics such as gender, age, birth weight and baseline anthropometric measures of the study subjects for both groups were used to assess the baseline characteristics.
Mantel -Haenszel x 2 tests and contingency tables were used to evaluate the differences in the categorical primary outcomes between the two randomly assigned groups. The event frequencies of these variables were computed by counting the number of subject days per group for each event category. Student's t tests were used to evaluate the differences in the mean values of the continuous anthropometric variables between these groups. To assess the differences in colic, crying, spitting-up, vomiting and flatus, we computed the proportion of days for an infant in each group having 'more than usual' for each of the symptoms described earlier, and compared the mean values of these proportions between the two groups using Student's t tests.
Results
A total of fifty-seven infants were recruited. One subject was excluded from the analysis due to internally inconsistent data supplied by the parent. Of the remaining fifty-six infants, twenty-seven were randomly assigned to the experimental cereal and twenty-nine to receive the control cereal. For each day of the study, we collected daily information for each subject for a total of 1471 observation days.
Four control subjects did not complete the full 28 d of the study for the following reasons: voluntary withdrawal onto finger foods and infant refusal to consume the cereal (n 2); caregiver non-compliance with documentation protocol (n 1); increased perceived 'fussiness' by parent which led to withdrawal (n 1). From the experimental group, one subject dropped out due to parental non-compliance with the study protocol (i.e. mother did not offer weaning cereal for . 3 d). The five infants with premature withdrawal from the study completed a median of 7 d of the study.
There were no significant differences in demographic or anthropometric data between the two groups (Table 1) .
Tolerance
The experimental cereal was well tolerated based on our analysis of 2723 stooling episodes recorded in 1464 observation days. Infants receiving FOS had more frequent stools of regular consistency.
Stool frequency
Infants in the FOS-supplemented group had a greater frequency of having more stools per d than the control group. The mean number of stools per infant was 1·99 (SD 0·62) per d in the FOS-supplemented group compared with 1·58 (SD 0·66) in the control group (P¼ 0·02). The number of parent-reported stools ranged from zero to six per d for the control group and zero to five per d for the group receiving FOS. The overall distribution of the number of stools per d for both groups is depicted on Fig. 1 and suggests a shift towards an increased number of stools per d for the FOS-supplemented group. However, for both groups, there were less than four stools per d for almost all (99 %) observation days. Infants receiving FOS had one-third of the number of observed days with no stool (15 v. 46 d). There was no difference in the quantity of juice intake between the two groups to account for potential differences in stool frequency (P¼ 0·29).
Stool consistency
The parent-reported stool consistency for each sequential stooling event of the day was compared. For infants receiving FOS-supplemented cereal, stool consistency was less likely to be described as 'hard' and more likely to be described as 'soft' or 'loose', but not watery. This finding was noted for only the first (x 2 11·14, P, 0·01) and second stooling event (x 2 14·70, P, 0·01) of the day. There were only twenty-one stooling episodes that were described as 'watery'. Twenty of these twenty-one episodes (95 %) were reported for infants receiving the control cereal.
Other gastrointestinal variables
Although the frequency and consistency of stool was different for both groups, the distribution for the parentreported stool colour was the same for both groups. This finding was consistent for each stool of the day.
Parents described each of the following symptoms: infant flatus, presence of vomiting, spitting-up, crying and colic and/or abdominal cramps as 'less than usual', 'about usual' or 'more than usual' for each day of the study. There were no differences in the mean number of days per infant that these symptoms were 'more than usual' for crying, spitting-up or colic.
Secondary outcomes
Daily and serving consumption. The average daily total intake of cereal per infant was similar in both groups (P¼ 0·72). Infants receiving FOS-supplemented cereal had a similar average daily total intake (35·0 (SD 22·5) g dry cereal/d per infant) of cereal compared with infants taking the control cereal (35·0 (SD 27·5) g dry cereal/d per infant). The amount consumed by the experimental group was equivalent to 1·05 (SD 0·68) g FOS/d per infant. The FOS group had a total single-day intake range of zero to four servings (25 g per serving) of cereal (up to 3·00 g FOS), compared with zero to nine servings for the control group.
The average consumption of cereal per serving was similar for both groups (P¼ 0·92). For the FOS group, the average consumption per serving was 0·98 (SD 0·52) scoops of cereal with a range of zero to four scoops. This amount is equivalent to 0·74 (SD 0·39) g FOS with a range of 0·00 to 3·00 g FOS per serving. For the control group, the average consumption per serving was 0·97 (SD 0·46) scoops with a range of zero to three scoops per serving.
Stool pH. The average stool pH for each infant was compared to assess any affect on fermentation: there was no difference between the groups. Average stool pH was 6·1 (SD 0·77) for infants receiving FOS and 6·4 (SD 0·94) for infants receiving the control cereal (P¼ 0·13).
Adverse events. There were no serious adverse events reported in either group. However, for non-serious adverse Fig. 1. Stool frequency (n per d) reported by the parent or caregiver of healthy infants receiving 0·75 g fructo-oligosaccharide per serving of cereal (n 27; B) or a placebo (n 29; B) for 25 d. For details of subjects, cereals and procedures, see Table 1 and p. 582. events, seventeen experimental families reported twentyfour non-serious adverse events, compared with sixteen control families reporting twenty-one non-serious adverse events. The non-serious adverse events and their frequencies are listed in Table 2 . Only one of the non-serious adverse events (loose stools) was considered 'probable in relation to the test product'; however, this subject was subsequently found to be receiving the control cereal. During the study period, ten infants saw their primary care physician. Seven of the ten visits were for routine well-baby examinations. The remaining three visits (two infants on FOS-supplemented cereal) were for ambulatory illnesses and did not lead to hospitalization.
Effect on growth. Anthropometric measurements taken at baseline (between days 2 3 and 0) were compared with those obtained at study completion (day 28). Changes in weight during this time period were þ 0·56 (SD 0·23) kg for the FOS-supplemented group and þ 0·54 (SD 0·24) kg. Infant recumbent length also increased from baseline by 20 (SD 13) and 16 (SD 12) mm for FOS-supplemented and control groups respectively. There was no significant difference in growth between the two groups.
Discussion
The present study is the first to be published documenting tolerance to increased fibre in the form of FOS in infants taking weaning foods, such as cereal. In addition, the present study is one of few studies, in general, documenting tolerance to FOS. Infants taking the FOS-supplemented cereal had more frequent and softer stools, without any reported diarrhoea, in infants taking up to 3·00 g FOS/d. There were no differences in flatus and colic and/or abdominal cramps according to the parents.
Currently, there is a lack of scientific data available to define appropriate fibre intakes for infants and children , 2 years of age (American Academy of Pediatrics, 1995; American Dietetic Association, 1997) . However, research is currently underway to identify the long-and short-term benefits and risks, quantity and types of fibres that would be appropriate for this age group (Williams, 1995; Weaver, 2000) . The current American Academy of Pediatrics' recommendation for fibre intake in healthy children . 2 years of age is to consume the amount in g equal to or greater than their age (in years) plus 5 g/d (Williams, 1995; Williams & Bollella, 1995; Williams et al. 1995; Hampl et al. 1998) . Therefore, at 3 years of age, fibre intake would be eight (3 þ 5) g/d and incrementally increase to 25 g/d by age 20 years (Dwyer, 1995; Williams & Bollella, 1995; Williams et al. 1995) . This level of fibre intake is within a range thought to provide known health benefits without compromising either mineral balance or energy intake in children $ 3 years of age (American Academy of Pediatrics, 1995; Dwyer, 1995) .
Fibre intake recommendations based on nutritional surveys in children , 2 years old have been proposed. Agostoni et al. (1995) recommend that the weaning diet of infants aged 6 -12 months should contain at least 5 g soluble and insoluble fibre/d and 7 g fibre/d by the age of 2 years. Alexy et al. (1999) assessed the macronutrient intake of . 350 weaning infants and documented that weaning foods routinely included fruits, vegetables and grains that contain dietary fibre and FOS. His study suggested that fibre intake was highest at the age of 1 year, ranging from 8 to 10 g/d (Alexy et al. 1999) .
Foods with added dietary fructan such as FOS are widely available in many industrialized countries and infant formula fortified with FOS has been safely consumed by thousands of newborn infants and toddlers in Japan since 1989 (Yamamoto & Yonekubo, 1993) . Although there are many clinical trials with human subjects documenting the safety and tolerance to FOS in adults (Hidaka et al. 1986; Garleb et al. 1996) , paediatric studies are limited to infants taking formula only (Yamamoto & Yonekubo, 1993; Boehm et al. 2002; Moro et al. 2002) and older children or adolescents (Cadranel & Coussement, 1995; Van den Heuvel et al. 1999) . Yamamota & Yonekubo (1993) surveyed 20 742 infants , 5 months of age in Japan and found that infants exclusively fed FOS-supplemented formula represented onefifth of the study population (Yamamoto & Yonekubo, 1993) . They noted no differences between infants exclusively fed FOS-supplemented formula v. other babies for growth or the mother's perception of their infant's health. FOS intakes were 3·0 and 4·2 g/d for the 50th and 90th percentile respectively (Yamamoto & Yonekubo, 1993) . In our present study, with a slightly older subject population (mean age 8·3 months) on a weaning diet, FOS intakes were 0·75 and 2·25 g/d for the 50th and 90th percentile respectively.
The current study found that infants tolerated up to 3·00 g FOS/d, well below the suggested or estimated fibre intake for healthy weaning infants. In the study population, FOS intake was measured from the cereal supplement only. It is possible that FOS was also consumed in other dietary sources.
Reported side effects of soluble fibre supplementation include an increase in intestinal gas and discomfort. This phenomenon tends to occur when there is a significant and acute increase in fibre intake, leading to increased fermentation, probably as intestinal microflora adapt to new substrates. However, our present results showed no difference in these variables for the two groups. In addition, in the present study FOS was included as part of a mixed diet, not as an isolated supplement and this may mitigate possible gastrointestinal intolerance.
In young children, high-fibre diets can potentially reduce energy density and energy intake, thus resulting in poor growth. However, this bulking effect is associated primarily with insoluble fibres (Dwyer, 1995; Williams & Bollella, 1995) . The inclusion of modest amounts of soluble fibre, such as those found in fruits, vegetables, legumes and certain grains, would be less likely to result in growth effects (Dwyer, 1995) . In addition, the results of our present study revealed no differences in growth for the two groups.
There are some limitations to the present study. The parental assessment of stool consistency was standardized and uniformly administered by trained personnel: this allows comparison between the groups. However, the tool per se has not been independently validated. The sample size was relatively small and may not allow detection of significant differences in secondary outcomes such as growth or other general health outcomes. However, the study duration was sufficient to identify signs of intolerance or other gastrointestinal effects to FOS-supplemented cereal. Moro et al. (2002) also reported that FOS-supplemented formula in term infants had no influence on the incidence of side effects (crying, regurgitation, vomiting) or growth during a 28 d study period. Longer studies would be helpful to document longer-term effects on growth. Such studies may also detect changes in stool pH, which may occur secondary to FOS effects on gut flora and therefore may require a longer time to become evident.
Implications
More scientific data are needed to define optimal fibre intakes for infants and children , 2 years of age, longand short-term benefits, as well as quantity and types of fibres that would be most appropriate for this age group (in particular, for fibres that may confer potential health benefits such as the prebiotic effect of FOS).
The present study carefully documents adequate tolerance to a range of intake of FOS-supplemented cereal product. This supplementation provides a practical, age-appropriate and developmentally appropriate approach to confer some of the benefits of soluble fibre in infants and toddlers.
The results of the present study suggest that FOSsupplemented cereal is tolerated in infants with positive effects on bowel habits (improved stool regularity and consistency). Further studies are needed to examine if these findings are applicable to other populations and if FOS supplementation in weaning foods leads to other measurable long-and short-term benefits for infants. 
